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(54) Ethylene copolymer rubber composition and process for its preparation 



(57) Disclosed is an ethylene-a-olefin-nonconju- 
gated polyene random copolymer which is a random 
copolymer of (a) ethylene, (2) an a-olefin of 3 or more 
carbon atoms and (c) a nonconjugated polyene contain- 
ing, in one molecule, one carbon-to-carbon double bond 
polymerizable by a metal I eocene catalyst among carbon- 
to-carbon double bonds, and has such properties that (i) 
the copolymer contains (a) units derived from ethylene 
and (b) units derived from the a-olefin of 3 or more car- 
bon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)). (ii) 
the iodine value is in the range of 1 to 50. (i'D the intrinsic 
viscosity ft), as measured in decalin at 135 °C. is in the 
range of 0. 1 to 8.0 dl/g. and (iv) the ratio gr\* of the intrin- 
sic viscosity (r\) of the copolymer defined above to the 
intrinsic viscosity (n)biank of a linear ethylene-propylene 
copolymer having the same weight-average molecular 
weight (measured by light scattering method) as the eth- 
ylene-a-olefin-nonconjugated polyene random copoly- 
mer and having an ethylene content of 70 % by mo I, 
WMbUnk. is in the range of 0.2 to 0.9 or the ratio g' of 
the intrinsic viscosity (tj) of said random copolymer 
defined above to the intrinsic viscosity (Ti)biank* °* a ,in ea r 
ethylene-propylene copolymer having and ethylene con- 
tent of 70 % by moi which is determined by measurement 
of gel permeation chromatography (GPC) of ethylene-a- 
olefin-nonconjugated polyene random copolymer in 
orthodichlorobenzene at 140 °C, (n)/(n)biank ■ « in the 
reange of 0.2 to 0.9. Also disclosed are a process for 



preparing the random copolymer and a vulcanizabie rub- 
ber composition containing the random copolymer The 
ethylene-a-olefin-nonconjugated polyene random 
copolymer and the rubber composition are excellent in 
weathering resistance, ozone resistance, mechanical 
strength and processability. 
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Description . 
FIELD OF THE INVENTION 

n.nlUZ^T inVenti ,° n 10 T eW* 1 *-"-** in-nonconjugated polyene random copolymer, a process for pre- 
P™9therandomcopol W 

n^ZS^^ a " ^ e t a "° le,in - n0nCOnjU9ated ^copolymer exSen^ prcSSSJS 
mechanical p opert.es. a process for preparing the random copolymer and a vulcarizable rubber composition exceltem 
in mechan IC al strength, weathering resistance and ozone resistance as well as in processa5£ 

BACKGROUND OF THF lNVF N T|Qfl 

Because of their excellentweathering resistance, ozone resistance and heataging characteristics, ethylene-a-olefin- 
nonconjugated polyene random copolymers (sometimes referred to sinply as "eth^c^ 
***asanethy^^ 

electncal w,re materials, building and civil engineering materials and industrial materials automot " ,e matena,s - 

at ^^.^ e "h a "? e ' i ?" n0nCOnjl,9ated P0 ' yene random copo'ymers used for such applications are desired to have 
good moldabilrty. high vulcanizing rate and high vulcanization strength »i°nave 

Tn^?^^ 

mo .^^!^^^ iCyC, ! iaentadiene COP ° ,ymer mbber is *™ as a copo'^er rubber of excellent extrusion 
moldabilrty. but the copolymer is tow in the vulcanizing rate, and its vulcanization strength is not high 

For these reasons, new desired are the advents of an ethylene-a-olef in-nonconjugated polyene random cooolvmer 

TnZTl^ZTT " W * ar r fCe " ert in t" 0 "****^ rate mSLtSSi Z^JStZZ 

canization strength and a process for preparing said random copolymer rubber 

Under such drcumstances as described above, the present inventors have earnestly studied ethylene-a-olefin- 

SS^Ln* ^JS^S? an ethylene-a-olefin-nonconjugated polyene random copolymer having a tong- 
S/k? "?h te ™ lecul * 81X1 hav,n9 such *at (i) the copolymer contains (a) units derived f romethylene 

and (b) unite derived from the «-olefin of 3 or more carbon atoms in a molar ratio of 40/60 to 95/5 [<a)« 
value is m the range of 1 to 50. (ii» the intrinsic viscosity ft) is in the range of 0.1 to 8.0 dVg and SS? US " 

raSom 22Z e ^r nh0n ^ Ce " em The P"*«t ir^mor^avTaiso found that the 

be efficiently prepared by the use of a catalyst containing a specific metallocene compound 
Based on these findings the present invention has been accomplished. wnpouna. 

OBJECT OF THE INVENTION 

It is an object of the present invention to provide an ethylene-a-olef in-nonconjugated polyene random cooolvmer 

SUMMARY OF THE INVEMTmN 

cf JIlT!y^^ rfin "T COTjU9 f ed P0,y6ne rand0m "^y™" accorting to the present invention is a random 
copbjmar of (a) ethylene, (b) an aK>lef in of 3 or more carbon atoms and (c) a nonconjugated polyene conta.rtngT 

=2 = jsrjir - a ™- — 

(fl) the iodine value is in the range of 1 to 50. 

(Si) the intrinsic viscosity ft), as measured in decalin at 135 «C. is in the range of 0.1 to 8.0 dUg. and 

(iv) thereto gn of the intrinsic viscosity ft) of the copolymer defined above to the intrinsic viscosity (n) H * of a 
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The ethyl ene-a-olef in-nonconjugated polyene copolymer according to the present invention can be specified 
by g' value instead of (iv) gn/ value. That is, in the copolymer of the present invention, 

(iv) the ratio g' of the intrinsic viscosity (r\) of said random copolymer defined above to the intrinsic viscosity (nWr* 
calculated as a linear ethylene-propylene copolymer having an ethylene content of 70 % by mol which is determined 
s by measurement of gel permeation chromatography (GPC) of ethylene-a-olefin-nonconjugated polyene random 
copolymer in orthodichorobenzene at 140 °C, (n)/(Ti)biank'> * ln tne °* 0 2 *° 0 9 

The process for preparing an ethylene-a-olef in-nonconjugated polyene random copolymer according to the present 
invention is a process in which the above-mentioned ethylene-a-olef in-nonconjugated polyene random copolymer is 
10 prepared using a metal tocene catalyst containing a metaliocene compound represented by the following formula (I): 



75 



20 




25 

wherein M is a transition metal of Group IVB of the periodic table. 
R 1 is a hydrocarbon group of 1 to 6 carbon atoms. 

R 2 . R 4 . R 5 and R 6 may be the same as or different from each other, and are each hydrogen, a halogen atom or 
a hydrocarbon group of 1 to 6 carbon atoms, 
30 R 3 is an aryl group of 6 to 1 6 carbon atoms which may be substituted with a halogen atom, a hydrocarbon group 

of 1 to 20 carbon atoms or an organosilyl group, 

X 1 and X 2 may be the same as or different from each other, and are each hydrogen, a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group 
or a sulfur-containing group, and 
35 Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 

carbon atoms, a divalent silicon-containing group, a divalent tin-containing group, a divalent germanium-containing 
group, -0-, -CO, -S-, -SO-, -SCV, -NR 7 -, -P(R 7 )-, -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is hydrogen, a halogen atom, a hydro- 
carbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

The vulcanizabie rubber composition according to the present invention contains the above-mentioned ethylene-a- 
40 olef in-nonconjugated polyene random copolymer. 

The vulcanizabie rubber composition of the invention may further contain other components than the ethylene-a- 
olef in-nonconjugated polyene random copolymer. For example, the rubber composition can contain a reinforcing agent 
and/or an inorganic filler in an amount of 10 to 200 parts by weight and a softening agent in an amount of 10 to 200 
parts by weight, based on 100 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. 
45 The vulcanized rubber according to the present invention is obtained by the aforementioned rubber composition. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is an explanatory view showing steps of a process for preparing a metaliocene catalyst used for preparing 
so the ethylene-a-olef in-nonconjugated polyene random copolymer according to the present invention. 

DETAILED DESCRIPTION QF THE INVENTION 

First the ethylene-a-olef in-nonconjugated polyene random copolymer according to the invention is described in 
55 detail. 
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Ethvlene-g-olefin-nonconiuaated polyene random copolymer 



The ethyiene-a-olefin-nonconjugated polyene random copolymer of the invention is an elastomer which can be 
obtained by ccpolymerizing (a) ethylene, (b) an a-olef in of 3 or more carbon atoms and (c) a nonconjugated polyene 
5 containing, in one molecule, one carbon-to-carbon double bond polymerizable by a metallocene catalyst among carbon- 
to-carbon double bonds, and has the properties described below. 

The ethytene-a-olefin-nonconjugated polyene random copolymer (hereinafter, sometimes referred to as "random 
copolymer) of the invention is derived from (a) ethylene, (b) an a-olefin of 3 or more carbon atoms and (c) a specific 
nonconjugated polyene. 

10 The a-olefin of 3 or more carbon atoms (b) is specifically an a-olefin of 3 to 20 carbon atoms. Examples of the a- 
olefinsof 3to20 carbon atoms include propylene, 1-butene. 1-pentene. 1-hexene. 3-methyM-butene. 3-methyM-pen- 
tene, 3-ethyM-pentene, 4-methyM-pentene. 4-methyi-l-hexene, 4,4-dimethyl-i-hexene. 4,4-dimethyl-i-pentene, 4- 
ethyl- 1-hexene, 3-ethyl-i-hexene. 1-octene. 1-decene, 1 -dodecene, 1 -tetradecene, 1-hexadecene, i-octadecene and 

1- eicosene. These a-olefins may be used in combination. 

is Of these, preferred are a-olefins of 3 to 10 carbon atoms, and particularly preferred are propylene, 1-butene, 1- 
hexene and 1 -octene. 

The nonconjugated polyene (c) used in the invention is a nonconjugated polyene containing, in one molecule, one 
cartoon-to-carbon double bond polymerizable by a metallocene catalyst among carbon-to-carbon double bonds. The 
nonconjugated polyene (c) does not include a chain polyene having vinyl groups at the both ends. When one double 

20 bond among two or more double bonds is an end vinyl group, it is preferred that other double bonds are not end vinyl 
groups and an internal olefinic structure is formed. Wherein, vinyl group means -CH=CH 2 . Exarrples of such noncon- 
jugated polyenes (c) include aliphatic polyenes, such as: 

1,4-hexadiene, 3-methyl-1,4-hexadiene, 4-methyl-1,4-hexadiene. 5-methyl-l ,4-hexadiene, 4-ethyM ,4-hexadi- 
ene, 3-methyM ,4-hexadiene and 3,3-dimethyl-1 ,4-hexadiene; 

25 5-methyl-1,4-heptadiene, 5-ethyt-1,4-heptadiene, 5-methyl-1 ,5-heptadiene. 6-methyl-1.5-heptadiene and 5- 

ethyl-1,5-heptadiene; 

1,6-octadiene, 4-methyl-1 ,4-octadiene. 5-methyl-1 ,4-octadiene, 4-ethyl-1,4-octadiene, 5-ethyl-1.4-octadiene. 5- 
methyl-1 ,5-octadiene, 6-methyl-1,5-octadiene, 5-ethyl-1.5-octadiene. 6-ethyl-1 ,5-octadiene. 6-methyM.6-octadiene. 7- 
methyl-1.6-octadiene, 6-ethyl-1,6-octadiene, 6-propyl-1.6-octadiene and 6-butyl-1,6-octadiene; 
30 4-methyl-1 f 4-nonadiene, 5-methyl-1,4-nonadiene, 4-ethyi-1 ,4-nonadiene, 5-ethyl-1.4-nonadiene, 5-methy1-1.5- 

nonadiene, 6-methyl-1,5-nonadiene, 5-ethyl-1.5-nonadiene, 6-ethyl-1.5-nonadiene, 6-methyM ,6-nonadiene, 7-methyt- 
1 ,6-nonadiene, 6-ethyl-1 ,6-nonadiene. 7-ethyi-1 ,6-nonadiene, 7-methyl-1 ,7-nonadiene. 8-methyl-1,7-nonadiene and 7- 
ethyl-1 ,7-nonadiene; 

5- methyl-1,4<lecadiene. 5-ethyl-1 ,4-decadiene, 5-methyl-1 ,5-decadiene, 6-methyl-1 ,5-decadiene, 5-ethyl-1,5- 
35 decadiene, 6-ethyl-1 ,5-decadiene. 6-methyl-1 ,6-decadiene, 6-ethyl-1 ,6-decadiene, 7-methyl-1,6-decadiene, 7-ethyi- 

1 ,6-decadiene, 7-methyM,7«decadiene. 8-methy1-1 ,7-decadiene. 7-ethyl-1,7-decadiene, 8-ethyl-l ,7-decadiene, 8- 
methyl-1 ,8-decadiene, 9-methyl-1 ,8-decadiene and 8-ethyl-1 ,8-decadiene; and 

6- methyl-1 ,6-undecadiene and 9-methyl-1 ,8-undecadiene. 

Preferred alicyclic polyenes are those consisting of alicyclic parts having one unsaturated bond and chain parts 
40 having internal olefinic bond, and example thereof includes 5-ethylidene-2-norbornene, 5-isopropylidene-2-norbornene. 
6-chloromethyl-5-isoprenyl-2-norbomene. Further, triene compounds such as 2,3-diisopropylidene-5-norbornene and 

2- ethyiene-3-isopropylidene can be used. These polyenes may be used in combination of two or more kinds. 

In the present invention, nonconjugated polyenes having 7 or more carbon atoms, e.g., 7-methyM ,6-octadiene 
(MOD), 5-ethylidene-2-norbornene (ENB) and 1 ,4-hexadiene are preferably used in the invention. 

45 

(i) Ratio of (a) ethylene component to (b) a-olefin component ((a)/(b)) 

The ethylene-a-olef in-nonconjugated polyene random copolymer provided by the invention contains (a) units 
derived from ethylene and (b) units derived from the a-defin of 3 or more carbon atoms (hereinafter, sometimes 
referred to as "a-olefin") in a molar ratio of 40/60 to 95/5 [(a)/(b)], preferably 55/45 to 90/10. 
so (i) Iodine value 

The iodine value of the ethylene-a-olefin-nonconjugated polyene random copolymer is in the range of 1 to 
50, preferably 2 to 40. more preferably 5 to 35, particularly preferably 7 to 30. 

The ethylene-a-olefin-nonconjugated polyene random copolymer having an iodine value of the above range 
has a high vulcanizing speed, and high-speed vulcanization thereof is possible. 
55 (Oi) Intrinsic viscosity (t)) 

The intrinsic viscosity (x\) of the ethylene-a-olefin-nonconjugated polyene random copolymer, as measured 
in decalin at 135 °C, is in the range of 0.1 to 8.0 dl/g, preferably 0.2 to 6 dl/g. 
(iv) gn* value or g' value 
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Measurement of on* 

The gt\* value is defined as a ratio of the intrinsic viscosity (n) of the ethytene-a-olefin-nonconjugated polyene 
random copolymer measured above to the intrinsic viscosity (Ti) Wa r* of a linear ethylene-propylene copolymer which 
5 has the same weight-average molecular weight (by light scattering method) as the ethyiene-a-olefin-nonconjugated 
polyene random copolymer and has an ethylene content of 70 % by mol (gif = (ti)/(n) blanK ). 

Specifically. (n)yank © determined by converting a weight-average molecular weight measured by the light scat- 
tering method to a viscosity-average molecular weight My and then introducing the obtained My into the following formula 
(I). ~ 

(HW 7.2XKTX 0667 (1) 

The gTf value of the ethylene-a-olef in-nonconjugated polyene random copolymer is in the range of 0.2 to 0.9, 
preferably 0.4 to 0.8. 

75 

Measurement of g' 

The g' value is defined as a ratio of an intrinsic viscosity (n) measured by the above method (iii) to an intrinsic 
viscosity (n)biank calculated as a linear ethylene-propylene copolymer (EPR) having an ethylene content of 70 % (by 
20 mol) which is determined by measurement of gel permeation chromatography (GPC) of ethyl ene-a-olef in-nonoonjugated 
polyene random copolymer in orthodichlorobenzene at 140 °C (g' = faKfa) uu** )• The (n)biank is determined in the 
following manner. First, the molecular weight calculated as polystyrene, M^. PSt of each fraction measured by GPC of 
ethylene-a-olefin-nonconjugated polyene random copolymer is introduced into the following formulas to obtain the 
molecular weight calculated as EPR, Mi-epr- 

25 

(n) i-PSt- M i-PSt = (Hi i-EPR * M i-EPR' 

(n)^ PSt = 1-37x10' 4 M,p St 0 686 .and 
30 (Tl) i . EP R-7.2x10- 4 M, EPR 0667 . 

The calculated Mj_ EPR is introduced into the following formula (2) to obtain (n)i-b*aT*' each traction. 

(l> Httar*= 7.2 x 10^M, EPR 0 667 (2) 

35 

wherein i means each fraction fractionated by GPC. 

/Then, the thus obtained (ti)^^- is introduced into the following formula (III) to obtain (r|)btank 

(nW^coi • Wl ****** < 3 > 

AO 

wherein co means a weight fraction. 

Thus, the value for toW* 1 ' s obtained and the g' value is determined as a ratio of (t|) to (t^ank*. 

The g' value [(iD/faWn*] o* ^ e ethylene-a-olef in-nonconjugated polyene random copolymer is in the range of 0.2 
to 0.9. preferably 0.4 to 0.85, more preferably 0.4 to 0.8. 
45 As described above, the gq* value or the g' value of the ethylene-a-olef in-nonconjugated polyene random copolymer 
of the invention is considerably smaller than 1, and this indicates that a long-chain branch is formed in the molecule. 
Such random copolymer rubber is excellent in moldabilrty. 

The ethylene-a-olefin-nonconjugated polyene random copolymer may be modified with polar monomers, and the 
modified product will be described later in detail. 
so The ethyl ene-a-olef in-nonconjugated polyene random copolymer is obtainable by random copolymerizing (a) eth- 
ylene, (b) the a-olefin of 3 or more carbon atoms and (c) the nonconjugated polyene in the presence of a metallocene 
catalyst 

The metallocene catalyst used in the invention desirably contains a specific metallocene compound (A) described 
below. 

55 There is no specific limitation on the metallocene catalyst preferably used in the invention, except that the metal- 
locene catalyst contains the metallocene compound (A) For example, the metallocene catalyst may be formed from (A) 
the metallocene compound and (B) an organoalurrinum oxy -compound and/or (C) a compound which reacts with the 
metallocene compound (A) to form an ion pair, or it may be formed from the component (A), the component (B) and/or 
the component (C), and (D) an organoaluminum compound. 



5 
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These components are described below in detail. 

Rg. 1 shows Steps of one example of a process for preparing a metallocene catalyst used in the invention and steps 
of one example of a process for preparing an ethylene-a-ol^in-nonconjugated polyene random copolymer. 

s (Al Metallocene compound 

In the invention, a compound represented by the following formula (0 is used as the metallocene compound (A). 



10 
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20 

In the formula (I), M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zirconium 
or hafnium, particularly preferably zirconium. 

25 

Substituent R 1 

R 1 is a hydrocarbon group of 1 to 6 carbon atoms. 

Examples of such hydrocarbon groups include alkyl groups, such as methyl, ethyl, n-propyl, isopropyl, n-butyl. iso- 
so butyl, sec-butyl, tert-butyl. n-pentyl. neopentyl, n-hexyl and cyclohexyl; and alkenyl groups, such as vinyl and propenyl. 
Of these, preferred are alkyl groups whose carbon bonded to the indenyl group is primary carbon. More preferred 
are alkyl groups of 1 to 4 carbon atoms, and particularly preferred are methyl and ethyl. 

Substituents R 2 . R 4 . R 5 and R 6 

35 

R 2 , R 4 , R 5 and R 6 may be the same as or different from each other, and are each hydrogen, a halogen atom or a 
hydrocarbon group of 1 to 6 carbon atoms identical with R 1 . 
The halogen atom is fluorine, chlorine, bromine or iodine. 

40 Subsftuent R 3 

R 3 is an aryl group of 6 to 1 6 carbon atoms. This aryl group may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organ osilyl group. 

Examples of the aryl groups include phenyl, a-naphthyl, p-naphthyl, anthracenyl, phenanthryl, pyrenyl, acenaphthyl, 
45 phenalenyl. aceartthrylenyl, tetrahydronaphthyl, indanyi and biphenyi. Of these, preferred are phenyl, naphthyl, anthra- 
cenyl and phenanthryl. 

Examples of the hydrocarbon groups of 1 to 20 carbon atoms, which are substituents of the aryl groups, include: 
alkyl groips, such as methyl, ethyl, propyl, butyl, hexyl, cyclohexyl. octyl, nonyl, dodecyl, icosyl, norbomyl and 
adamantyl; 

so alkenyl groups, such as vinyl, propenyl and cyclohexenyl; 

arytalkyi groups, such as benzyl, phenylethyl and phenytpropyl; and 

aryl groups, such as the above-mentioned aryl groups, tolyl, dimethyiphenyl. trimethylphenyl. ethylphenyl. pro- 
pytphenyl, methytnaphthyl and benzytphenyl. 

Examples of the organosilyl groups include trimethyisilyl. triethylsilyl and triphenylsilyt. 
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Subsftuents X 1 and X 2 

X 1 and X 2 may be the same as or different from each other, and are each hydrogen, a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms which may be substituted with halogen, an oxygen-containing group or a sulfur-containing 
5 group. Examples of the halogen atoms and the hydrocarbon groups are identical with those mentioned above. 

Examples of the oxygen-containing groups include hydroxyl groups; alkoxy groups, such as methoxy, ethoxy. propoxy 
and butaxy ; aryloxy groups, such as phenoxy. methyiphenoxy, dimethyl phenoxy and naphthoxy; aryialkoxy groups, such 
as phenylmethoxy and phenylethoxy; and trif luoroacetytacetonato group. 

Examples of the sulfur-containing groups include substrtuents obtained by replacing oxygen with sulfur in the above- 
io exemplified oxygen-containing groups; sulfonate groups, such as methyteurfonato, trifluoromethanesulfonato, phenyt- 
surtonato, benzylsulfonato, p-toluenesulfonato, trimethylbenzenesurfonato, triisobutytbenzenesuffonato. p-chiorobenze- 
nesurtonato and pentafluorobenzenesulfonato; and sulfinato groups, such as methylsulfinato, phenylsulfinato, 
benzenesulf inato, p-toluenesulf inato, trimethylbenzenesulf inato and pentaf luorobenzenesulfinato. 

Of these, preferred are halogen atoms and hydrocarbon groups of 1 to 20 carbon atoms. 

75 

1 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
20 group. -0-. -CO-, -S-, -SO-, -S0 r . -NR 7 -, -P(R 7 )-, -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is hydrogen, a halogen atom, a hydro- 
carbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 
More specifically, there can be mentioned: 
divalent hydrocarbon groups of 1 to 20 carbon atoms, such as alkyiene groups (e.g., methylene, dimethylmeth- 
ylene, 1 ,2-ethylene. dirnethyl-1 ,2-ethylene, 1.3-trimethylene. 1.4-tetramethylene, 1.2-cydohexyleneand 1 .4-cydohexy- 
25 lene). and arylalkylene groups (e.g., diphenylmethylene and diphenyl-1 ,2-ethylene); 

divalent halogenated hydrocarbon groups obtained by halogenating the above-exemplified divalent hydrocarbon 
groups of 1 to 20 carbon atoms, such as chloromethylene; 

divalent silicon-containing groups, such as silylene alkylsilyiene. alkyiarylsilylene and arytsilylene groups (e.g.. 
methylsilylene. dimethylsilylene. diethylsilylene. di(n-propyl)silyiene, difi-propyl)silylene, di(cyc!ohexyl)silylene. methyl- 
30 phenylsilylene, diphenylsilylene. di(p-tolyi)silyiene and di(p-chlorophenyl)silylene), and alkyldisilyl, alkylaryldisityl and 
aryldisilyl groups (e.g., tetramethyl-1 ,2-disilyt and tetraphenyl-1 .2-disilyl); and 

divalent germanium-containing groups or divalent tin-containing groups obtained by replacing silicon with ger- 
manium or tin in the above-exemplified divalent silicon-containing groups. 

R 7 is the same halogen atom, hydrocarbon group of 1 to 20 carbon atoms or halogenated hydrocarbon group of 1 
35 to 20 carbon atoms as described above. 

Of these, preferred as Y are divalent silicon-containing groups and divalent germanium-containing groups. More 
preferred are divalent silicon-containing groups, and particularly preferred are alkylsilyiene, alkyiarylsilylene and aryls- 
ilytene. 

The two ligands having a cycloperrtadienyl skeleton, which are linked to each other by way of Y, may be the same 
40 as or different from each other. 

Listed below are examples of the transition metal compounds represented by the above formula [I]. 

rac-Dimethyisilylene-bis{l -(4-phenyM -indenyt)}zirconium dichloride. 

rac-Dimethy1silylene-bis{1 -(2-methyl-4-phenylindenyl))zirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-methy»-4-(a-naphthyl)indenyl))zirconium dichloride, 
45 rac-Dimethylsilylene-bis{1 -(2-methyl-4-(p dichloride, 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(1 -anthracenyl)indenyl))zirconium dichloride, 

rac-Dimethylsilylene-bisil -(2-methyl-4-(2-arrthracenyl)indenyl)}ziroonium dichloride, 

rac-Dimethylsirylene-bis{1 -{2-methyl-4-(9-anthracenyl)irKlenyl)}ziroonium dichloride. 

rac-Dimethylsilylene-bis{1 -{2-methyl-4-(9-phenanthryl)indenyi)}zirconium dichloride. 
so rac-Dimethylsilylene-bis{1 -<2-methyl-4-(p-f luorophenyl)indenyl))zirconium dichloride. 

rac-Dimethytsilylene-bts{1 -(2-methyl-4-(pentaf luorophenyl)indenyl)}zirconium dchloride. 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(p-cWorophenyl)indenyl))zirconium dichloride. 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(nrH^orophenyi)irdenyl))zirconi dichloride, 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(o-chlorophenyl)irrienyl)}zirconium dichloride. 
55 rac-Dimethylsilylene^)is{1 -(2-methyl-4-(o.p-dchlorophenyl-1 -indenyl))zirconium dichloride. 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(p-brorrx)phenyI)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{ 1 -(2-methy1-4-(p-toly0indenyl)}zircoriium dichloride, 

rac-Dimethyisilylene-bis{ 1 -(2-methyl-4-(m-tolyl)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-methyl-4-(o-tolyl)indenyl))ziroonium dichloride, 
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^c-Dimethyialylene4)^ bichloride, 
. rac-Dimethylsnylene4>is{H^ dichloride, 
rac-Dimethyisilyiene^is{1-(2-methy^^ 

racOimethylsilylene^is{1-(2-methyl-4-^ dichloride. 
rac-Dimethyisilylene^is{1-(2-methyi^^ dichloride, 
rac-Dimethytsilylene^is{1 -(2-me%l^ 

rac-Dimethytsilylene^is{H2-methyi^(^ dichloride, 
rac-Dimethylsilylene^is{l-(2-methyl^(m-^^ dichloride, 
rac-Dimethyisilylene-bis{1 -(2-pheny1-4-phenyl)indeny0)zirconium dichloride, 
rac-Diethylsilylene-bis{1 -(2-methyl-4-phenyl)indenyl)}zirconium dichloride. 
rac-Di(i-propyi)silylene-bis{1 -(2-methyl-4-phenyttndenyl)}zirconium dichloride, 
rac-Di(n-butyl)silylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride. 
rac-Dicyclohexylsilylene-bis{1-(2-methyl^i>henylirdenyl)}zirc»nium dichloride, 
rac-Methylphenylsilylerte-bis{1 -(2-methyl-4-phenyiindenyl)}zirconium dichloride, 
rac-Diphenylsilylene-bis{1-(2-methyi^i>henylirKlenyl)}zirc»nium dichloride, 
rac-Di(p-tdyl)sily!ene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dchloride, 
rac^i(pK:hlorophenyl)silylene^is{1-(2-methyl-4-phenyIindenyl)}zirconium dichloride, 
rac-Methylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-Ethylene-bis{ 1 -(2-methyi-4-phenylindenyl)}zirconium dichloride. 
rac-Dimethylgermylene-bis{1 -(2-methyl-4i3henylindenyl)}zirconium dichloride, 
rac-Dimethylstannylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-methyl-4-phenyiindenyl)}zirconium dibromide, 
rac-Dimethyisilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dimethyl, 
rac-Dimethylsilylene*is{H2-methyl-4-phenylirxjenyl)}zir(X)nium methylchloride, 
rac-Dimethylsilylene^is{1-(2-methyl-4-^^ chloride S0 2 Me, 

rac-Dimethylsilylene4Dis{1-(2-methyl^phenylindenyl)}zirconium chloride OSOsMe, 

rac-Dimethylsilylene-bisj 1 -(2-mettiyl*4-phenyiindeny0}zirconium monochloride mono (trif luoromethanesul- 
fonato). 

rac-Dimethyisilylene-bis{ 1 -(2-methy l-4-phenylindenyl)}zirconium di(trif luoromethanesurfonato) , 
rac-Dimethylsilylene^is{l-(2-methyl-^^ di(p-toluenesurionato), 
rac-Dimethylsilylene^is{1-(2-methyl-4«pheny1indenyl)}zirconium di (methytsutfonato). 
rac-Dimethylsilylene43is{1-(2-methyl^ di(trifiuoromethanesulfinato), 
rac-Dimerthtfsilylene^is{1-(2-met^ di(trifluoroacetate), 
rac-Dimethytsilylene-bis{ 1 -(2-methyl-4-phenyl indenyl)}zirconium monochlor ide(n-butcxide) , 
rac-Dimethylsilylene-bis{V(2-methyl-4-phenylindenyl)}zirconium di(rvbutoxide), 
rac-DimethyisilyleneH0is{1-(2-me^ monochloride{phenoxide), 
rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsily1ene-bis{ 1 -(2-ethyl-4-(p-naphthyl)indenyt}zirconium dichloride, 
rac-Dimethylsilytene^is{1-(2-ethy^ dichloride, 
rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-(5-acenaphthyi)indenyl)}zirconium dichloride, 
rac-Dime^silylene45is{1-(2-ethyM-(9^rth^ dichloride, 
rac-Dimethyisilylene-bis{ 1 -(2-ethy1^-(9^henanmi7i)irxienyl)}zirconium dichloride, 
rac-Dimethyisilylene^is{1-(2-e%M-(o-m 

rac-Dimethylsilylene-bis{ 1 -(2-ethyM-(i7vmethyiphenyl)indeny1)}zirconium dichloride, 
rac-Dimefrhylaly1ene*is{1-(2-eth^ dichloride, 
rac-Dime4hyisilylene*is{H2-eth^^^^ dichloride. 
rac-Dimethylsjlylene-bis{ 1 -(2 -ethyl-4-(2 ,4-dimethylpheny l)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene^is{1-(2-ethyl^-(2,5^imethylphenyi)inde 
rac-Dimethylsilylene-bis{1 -(2-ethyM-(2.4.6-trimethytpheny0i^ dichloride. 
rac-Dimethylsilytene*is{H2-etr^ 

rac-Dimethylsilylene-bis{ 1 -(2-ethyM-(m^hlorophenyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{ 1 -(2-ethyl^-(pK:hlorophenyl)irKlenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{ 1 -(2-ethyl-4-(2,3-dichlorophenyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilyterie-bis{ 1 ^2-ethyl^-(2,6Klichloropheny0indenyl)}zjrconium dichloride. 
rac«Dimefthylsilyiene*is{1-(2-ethyM-^^ dichloride, 
rac-Dimethylsilylene*is{1-(2-e% 

rac-Dimethylsilylene4Dis{1-(2-ethyM^ dichloride. 
rac-Dimethylsilylene-bis{ 1 -(2-ethyl^-(4^rorTX)phenyl)irxjenyO}zirconjum dichloride, 
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. rac-Dimethylalylene*is{^ 

: rac-Dimethyialylene-bis{ 1 -(2-ethyM-(4-trimethylsilytphenyi)irKlenyl)}2irconium dichloride. 

rac«Dimethyiaiylene-bis{1 •(2-n-propyl-4-phenyiindenyl)}zirconium dichloride, 

rac-Dimethylalylene^is^ dichloride, 
5 rac-Dimethylsilylene-bis{ 1 -(2-niDropyl^(p.naphthyl)indenyO}2ircx)nium dichloride, 

rac-Dimethyisilylene*is{H2-n^^ dichloride. 

rac-Dimethylsilylene-bis{1 K2-ni5ropyl^(5-ac»naphmyl)indenyl)}2irconiurn dichloride, 

rac-Dimethylalylene-bis{1 K2-ni)ropyl^(9-amhracenyl)indenyf)}2irconium dichloride. 

rac-Dimethytsilylene-bis{l K2-ni>ropyl^(9-phenanthryl)irxjenyl)}2ircx)niurn dichloride, 
io rac-Dimethylalylene-bis{1 ■(2-i-propyl-4-phenylindenyl))2irconium dichloride, 

rac-Dimethylalyiene4>is{1-(2-i^^ 

rac-Dimethylsilylene-bis{1 -(2-i-propyl-4.(p-naphthyl)indeny0}zircorium dichloride. 

rac-Dimethylsilylene-bis{1 K2-»-propyl^^8-metr^-9.naphthyt)indenyl)}zi«»nium dichloride. 

rac-Dimethytalylene-bis{1 -(2-i-propyl-4-(5^cenaphthyl)indenyl)}zirconium dichloride. 
is rac-Dimethylalylene-bis{1 -(2-i-propyl-4-(9^nthraceny0indenyl)Jzirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-i-propyl^-(9^henanthiyl)indenyl)Jzirconium dichloride. 

rac-Dimethylalylene-bis{1 -(2-s-butyl-4-phenylindeny0}zirconium dichloride, 

rac-Dimethylalylene-bis{1 -(2-s-butyl^-(a-naphthyi)indenyl)}zirconium dichloride, 

rac-Dimethylalylene-bis{1 -(2-s4)utyl^.(p-naphtryl)indenyl)}zirconium dichloride. 
so rac-Dimethylalylene-bis{1 -(2-s-butyl-4-(2-methyl-1 -naphttiyl)indenyl)}zirconium dichloride. 

rac-Dimethytsilylene-bis{1 -(2-s4xjtyM-(5^cenaphthyl)indenyO}zirconium dichloride. 

rac-Dimethylsilylene-bi${1 ^2-s-t)utyl^9^nthracenyl)indenyl)}zirc»nium dichloride. 

rac-Dimethylalylene-bis{1 -(2-s4xjtyl^-(9^henanthry0indenyl)}zirconium dichloride. 

rac-Dimethylsilylene-bis{1 -(2-n-perrtyl-4-phenyiindeny0}zirconium dichloride. 
25 rac-Dimethylalylene-bis{1 -(2-ni>entyW-(a-naphthy0indenyl)}zirconium dichloride, 

rac-Dimethylalylene-bis{1 -(2-n-butyl-4-phenylindenyl)}zirconium dichloride. 

rac-Dimethylalylene-bis{1 *(2-n^yl^-(a-napWhyl)indenyl)}zirconium dichloride, 

rac-Dimethyialylene-bis{1 -(2-n4xjtyl^-(p-naphthyl)indeny0}zir<x)nium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-n-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride. 
30 rac-Dimethylsilylene-bis{1 -(2-n-butyl^-(5^cenaphthy0irKlenyl)}zirconium dichloride, 

rac-Dimethylalylene-bis{1 -(2-n-butyl^-(9^nthracenyl)irxlenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1 -(2-n4xjtyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 

rac-Dimethylalylene-bis{1 -(2-i-butyl-4-phenylindenyl)}zirconium dichloride. 

rac-Dimethy1alylene-bis{1 -(2-i-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
35 rac-Dimmhylalylene^is{l-(2-i-b^ dichloride, 

rac-DimethylsMylene*is{1-(2-h^ dichloride. 

rac-Dimethylsilylene*is{1-(2-i^ 

rac-Dimethylal>1ene*is{H2^ dichloride, 

rac-Dimethylalylene-bis{1 -(2-i-butyl^(9-phenarrthryl)indenyl)}zirconiurn dichloride, 
40 rac-Dimethylsilylene-bis{1 ^-neopentyM-phenylindenylJJzirconium dichloride. 

rac-Dimethylalylene-bis{1 -(2-neopentyl^-(a-naprrthyl)iixlenyl)}zircxxiium dichloride, 

rac-Dimethylalylene-bis{1 -(2-n-hexyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethytaiylene^s{H2-n-^^ dichloride. 

rac-Methytphenylsilylene-bis{1 -(2-ethyl-4-phenylindenyi)}zirconium dichloride, 
45 rac-Methylphenyl6ilylene-bi6{1 -(2-othyl-4«(a-naphthyl)indenyl)}zirconium dichloride, 

rac-MethylphenylsilyJene-bis{1 -(2-ethyl-4-(9^nthracenyl)indenyl)}zirconiurn dichloride. 

rac-Methytphenylsilylene-bis{1 -(2-ethyl^-(9^henanthryl)irideny1)}zirconium dichloride, 

rac-Diphenyteilylene-bis{1 -(2-ethyl-4-phenyiindenyl)}zirconium dichloride. 

rac-Diphenylsilylene-bis{1 -(2^hyl^.(a-naprrthyi)indenyl)}zirconium dichloride, 
so rac-DiphenylaMene-bis{1 -(2-ethyl-4-(9-anthracenyl)indenyl)}zirconium dichloride. 

rac-Diphenylalylene-bis{1 -(2-ethyl^.(9^henanthi>0indenyl)}zirc»niurn dichloride. 

rac-Diphenyteily»ene-bis{1 -(2-et^l-4-(4-biphenylyl)indenyl)}zirconium dichloride, 

rac«Methylene*is{1-(2-ethyU-p^ dichloride. 

rac-Methylene^{H2-e%M-(a-naphthyl)irxJenyl)}zirconium dichloride, 
55 rac-Ethylene4>is{H2-ethyM-phe^ dichloride. 

rac-Ethylene4)is{H2-ethyM-(a^ dichloride. 

rac-Ethylene-bis{1 -(2-rvprcpyl-4-(a-naphthy0irKjeny0}zira>nium dichloride. 

rac-Dimethylgermyiene-bis{1 -(2-ethyl-4-phenyiindenyl)}zirconiifn dichloride. 
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ra*Dimethylgermy»ene-bis{1^ dichloride. and 

rac-Dimethylgerrnylene-bis{1 K2-n-propyM-phenytindenyl)}2ircx)nium dichloride. 
Also employable are compounds obtained by replacing zirconium with titanium or hafnium in the above-exerTplif ied 
compounds. 

5 in the invention, as the catalyst component, the metallocene compounds mentioned above are generally used in 
the form of racemic modrf ication. but they can be used in the form of R type or S type. 
The metallocene compounds may be used in combination of two or more kinds. 

The metallocene compounds can be prepared in accordance with "Journal of Organometallic Chem.", 288 (1985), 
pp. 63-67 and European Patent Publication No. 0.320,762. 

10 

IB) Oroanoaluminum oxv-compound 

The organoaluminum oxy-compound (B) used in the invention may be aluminoxane conventionally known or may 
be such a benzene-insoluble organoaluminum oxy-compound as exemplified in Japanese Patent Laid-Open Publication 
15 No. 78687/1990. 

The conventionally known aluminoxane can be prepared by, for example, the following procedures. 

(1) A procedure of adding an organoaluminum compound such as trialkylaluminum to a hydrocarbon medium sus- 
pension of a compound containing adsorbed water or a salt containing water of crystallization, e.g., magnesium 

20 chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sufate hydrate or cerous chloride hydrate, 
so as to perform reaction, followed by recovering aluminoxane as its hydrocarbon solution. 

(2) A procedure of allowing water, ice or water vapor to directly act on an organoaluminum compound such as 
trialkylaluminum in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran, followed by recovering alu- 
minoxane as its hydrocarbon solution. 

25 (3) A procedure of allowing organotin oxide such as dimethyltin oxide or dibutyltin oxide to react with an organoa- 
luminum compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 

The aluminoxane may contain a small amount of an organometallic component. Further, rt is possible that the solvent 
or the unreacted organoaluminum compound is distilled off from the recovered solution of aluminoxane and the remainder 
30 is redissotved in a solvent. 

Examples of the organoaluminum compounds used for preparing the aluminoxane include: 
trialkylaluminums, such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum, tri-n- 
butylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluninum, tripentylaluminum, trihexytaluninum, 
trioctytaluminum and tridecytaluminum; 
35 tricyclbalkylaluminums, such as tricyclohexylaluminum and tricyclooctylaluminum; 

dialkylaluminum halides, suchasdimethylaJuminum chloride, diethylaiuminum chloride, diethylaluminum bromide 
and diisobutylaluminum chloride; 

dialkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride; 
dialkylaluminum alkoxides. such as dimethylaluminum methoxide and diethylaiuminum ethoxide; and 
40 dialkylaluminum arybxides, such as diethylaluminum phenoxide. 

Of these, particularly preferred are trialkylaluminums and tricycloalkylaluminums. 

Also employable as the organoaluminum compound used for preparing the aluminoxane is isoprenyiaiuminum rep- 
resented by the formula (i-C 4 H 9 ) x Al y (C5H 1 o) 2 (wherein x, y, z are each a positive number, and z s 2x). 
The organoaluminum compounds mentioned above may be used in combination of two or more kinds. 
45 Examples of the solvents used for preparing the aluminoxane include: 

aromatic hydrocarbons, such as benzene, toluene, xylene, cumene and cymene; 

aliphatic hydrocarbons, such as perrtane, hexane, heptane, octane, decane, dodecane, hexadecane and octa- 
decane; 

alicydic hydrocarbons, such as cyclopentane, cyclohexane, cydooctane and methyicyclopentane ; 
so petroleum fractions, such as gasoline, kerosine and gas oil; and 

halides of these aromatic, aliphatic and alicyclic hydrocarbons, particularly chlorides and bromides thereof. 
Also employable are ethers such as ethyl ether and tetrahydrofuran. Of the solvents, particularly preferred are aro- 
matic hydrocarbons. 

The organoaluminum oxy-compounds mentioned above may be used in combination of two or more. 

55 

(C) Compound which reacts with the metallocene compound (to to form an ion pair 

The compound (C) which reacts with the metallocene compound [A] to form an ion pair indudes such Lewis add, 
ionic compounds, borane compounds and carborane compounds as described in National Publications of international 
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Patent. No. 501950/1989 and No. 502036/1989. Japanese Patent Laid-Open Publication No 179005/1991 No 
179006/1991. No. 207703/1991 and No. 207704/1991. and U.S. Patent No. 547.718. 17 *»5/1»1. No. 

The Lewis acid includes Mg-containing Lewis acid, Al-containing Lewis acid and B-containing Lewis acid Of these 
B-contaming Lewis acid is prefened. " 
£ The Lewis acid which contains a boron atom is, tor example, a compound represented by the following formula: 

BR n R i2 R i3 

io ^ T *°*1;J^ methyl 
io and tnfluoromethyl, or a fluorine atom. 

. Ex ! m f es 01 the compounds represented by the above formula include trifluoroboron. triphenylboron tris(4-fluor- 
ophenflboron, 1ns(3.5<lHluorophenyl)boron. tr.s(4-flioromethylphenyl)boron. tns(perrta1luorophenyl)boron trisfo- 
n^boToT' t " S(<>tOly,)bOr0n and WsO.WimethvlphenyOboron. Of these, particularly preterredrtris(peL IU orophe- 

The ionic compound employable in the invention is a salt comprising a cationic compound and an anionic compound 

to stable the transition metal cation seed. Examples of such anion include organoboron compound anion, organoars- 
emc «>mpound anion and organoaluminum compound anion. Preferred is such anion as is relatively bulky and stabilizes 
the transiton metal cation seed. Examples of cation include metallic cation, organometallic cation, carbonium cation 
tripium cation, oxonium cation, sulfonium cation, phosphonium cation and ammonium cation. Mae specifically there 
can be mentioned ttphenyicarbenium cation, tributylammonium cation. N.N^methylammonium cation, ferrocenium 
cation, etc. 

° f * , ? e : pr f erred are ionic compounds containing a boron compound as anion, and examples thereof include 
n . ^M^Med ammonium sate, suchastrietriylammoniunTtetrafrhen^ 

£^ )amm0n ' Umtetra(Pheny1)bOr0n ' trim ethyt^'^niumtetra( P -tol y l)boron, trimethylammoniumtetra(o- 
tdyl)boron. tr^am n x.n,umtetra(perttafkjorophenyl)baon. tripropylammoniurntetra(ojD^imethytphenyl)boron trib- 
utylamrr»n,unitetra(m.m<fimethylphenyl)boron. tributylammoniumtetra(f)-trifluoromethylphenyl)boron frim-butyl)- 
ammoniumtetra(o-tolyl)boron and tri(n-butyl)ammoniumtetra(4-fluorophenyl)boron- 

n U .^rIl N o^l,^ n ^ m Jf te, J,"*. 88 N-N^^ettvla^iliniumtetrafphenyljboron. N.N^iethylaniliniumtetra(phe- 
nyl)boron and N.N-2.4,6i>entamethylaniliniumtetra(phenyl)boron; 

urrtetra ^ 5So^n U, a^■ *"* 88 di(n ^^ )ar ^ niumtetra (P entaflu o r ophenyl)boron and dicyclohexylammoni. 

J?^ ylP 1^ h0nium ^ SUCh 88 t^henytohosphoniumtetrafphenyljboron. tri(methylphenyl)phosphoni- 
umtetra(phenyl)boronandtri(dim nyypnospnon, 

HimJL* 16 ! ' 0r !l^ ,0 , Un ^L COn,ainin9 8 b0ron atom - ^enylcarbeniumtetrakisfpentafluorophenyljborate. N.N- 
ernSrt"r!ftelnSo S n luore P he, *0 bo ^ and ferroceniurrtetraWs(pentafluorophenyl)borate can be also 

ifi tri r n T^™' C ^ n9 "T 0lJndS 3re 3,80 em P , °y ab,e - compounds enumerated below, the counter ion 

is uim-ojtyijammonium, but the counter ion is in no way limited thereto.) 

*JZH1*' "!! *" menti °ned salts of anion, for example. bis[tri(nHjutyl)armK>nium]nonaborate. bisftrifn- 
K a T^r ]deCab0 ^ bisftri(n*u1y1)ammoni U m] undecaborate. b5s{tri(n*uty1)amn W nium]dodecaboSe. 
bsjto(n^^rm»n.um)de«chlorodecaborate. bis{tri(n^)arnrrx)nium}dodecachlorododecaborate. tnW 
b^^mmoniumo^tedecaborate. tri(n^ammonium.l-carbaundecaborate. tri(n-butyOammonium-l^arbado- 
decaborate. tr,(n-b u tyt)ammonium-1 -trimethylsilyl-1 -carbadecaborate and tri(n^xrtyl)amrnoniumbrorTK>-1 -carbado- 

« J^° reOV6r ' borane compounds and carborane compounds are also employable. These compounds are employed 
as the Lews acid or the ionic compounds. 

Examples of the borane and carborane compounds include: 
► ^ b ° ra ™ a "? cartx>rane complex compounds and salts of carborane anion, such as decaborane(14) 7 8-dicar- 

^^!!T deCab0rane ' fri ("-^^^i^6-carbadecaborate(14). tri(n*uty1)ammoniun>6- 
S^^SESX?' ^"^^'^^^^ecaboratefia). tri(n^)ammonium-7.Wican M urxtecabo- 

tiSS^i,^^ tri(r^bulyf)amrnoniumun- 
SS?? ^ ' Carbaundecab0rate> w ( n *^^™rnindecahydride^al^ 
SSJSSSSS^ " tri^ammoniumundecahy: 

carborane and salts of carborane, such as 4^carbanonaborane(14), l.3-dicarbanonaborane(13), 6,Micarbade- 



75 



20 



25 



30 



35 



40 



BNSDOCID: <EP 0718324A2_L> 



11 



EP 0 718 324 A2 



10 



15 



^S^^lff^^? 6 ^" 1 ' 3 ^^^" 350 ^ 6 ' dodecahydrid^l -methyl ,3^carbanonaborane and 
undecanydnde-I.S-dimethyl-I.S^icartjanonaborane. ™ 

io„ ft" T 6 ^ 6 ' fol,0win 1 ? «"^0"ndsare also employabte. (In the ionic corrpooncte enumerated below, the counter 
ion is tri(n-butyt)ammonium, but the counter ion is in no way limited thereto ) 6 
J? 8 ' is - *" ^ mentioned salts of metallic carborane and metallic borane anion, for example tri(n-butvl)ammo- 
caborate)ferrate(HI) 1"<n*iityl)aim^^ X 

52£2S£^^ ^(n^ammc.iumtSSnd'ecahydr^ 
J? tS" rtecab " ate ) cu P rate ( l "). tr.(n-butyl)arrmioniunt)is(undecahydride-7.8^icart ) aurKleca^ 

Sa^SS^ bis[tri(n- 
E£I£S2^^ ^("^)amnonium]bis(undecahyd^ 
r^rT^.? } 6( °' ^tt r Krvbutyl)animonium]bis(urKlecah)^ide-7<arbaLindec^ 

n.um]bis(undecahydrte-7-«ibaundecaborate)nickelate(IV) DMpniiwuyijarnmo 
JSZ^JSXS^ "* *" (A) to form 30 to " "* « be " sed ** - « 

so (D) Oroanoalumimjm compound 

^ ; ™eorganoalurninumco.ipou^ 

^^n^nii 8 ^ ro f a / rt)on J^ of 1 to 1 2 carbon atoms. X is a halogen atom or hydrogen, and n is 1 to 3. 

In the above formula(a). R 21 .s a hydrocarbon group of 1 to 12 carbon atoms, e.g.. an alkyl group a cycloalkyl grouo 

. ^^TeSsr" ,nc,uje me ™ ■* w * ^ ■s^ysss 

Examples of such organoaluminum compounds include' 

alkenylaluminums. such as isoprenylaluminum; 

rhiorwf ha ' ideS u , 1 ^ 38 dime thylaluminum chloride, diethylaluminum chloride, diisopropylaluminum 

chloride, diisobutylaluminum chloride and dimettiylaluminum bromide- "uy^uminum 

UlunJSS^^S!^^' 1 "* 1 88 metn y |a,uminum sesquichloride. ethylaluminum sesquichloride. isopropy- 
lalummum sesquichlonde, butylalummum sesquichloride and ethylaluminum sesquibromide 

alkylaluminum hydrides, such as diethylaJumrnum hydride and diisobutylaluminum hydride 
Also employable as the organoaluminum compound (D) is a compound represented by the following formula (b): 

R 21 nAIY 3 . n (b) 

or L I ta^SS£l ^L R ~^ ■ an ? R u are each me *y. ethyl, isopropyl. rsobutyt, cyctohexyl. phenyl 
ethyl or the like B ° Pr ° P * P trimethy,si| y | or 106 like = and R 26 and R 27 are each methyl. 

Examples of such organoaluminum compounds include: 

S2T^ 1 ^ 6 9 • — *■ ^yla^num ethoxxte and 

SSSSSr" 18 R2, " A| ( OSiR23 3)^. e.g.. (C^AKOSKCH^). (iso-C.H^AKOSifCH^) and (iso- 

ffi a SS^*l iBr !l! a ^ 1nA, , (0A,R 2> - e 2 S s' ftWOWWrti and (iso-^^AKOAKiso-C^); 

CH^jAlfNHfCaHsM.fCaHsJgAl^fSKCHaJayandfiso^HgJ^INfSKCHaJaJaliand 3 " 
(v) corrpounds of the formula R^SR*^ e.g.. (iso^^Cr^ 
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Of foese, preferred areorganoaluminumrom^ andR 21 „AI(OAJR 24 u 

„, and particularly preferred are compounds of said formulas wherein R 21 is an isoalkyl group and n is 2 The organoa- 
luminum compounds mentioned above may be used in combination of two or more kinds. 

The specific metallocene catalyst used in the invention desirably contains the metallocene compound (A) and it 
can be prepared from the metallocene compound (A) and the organoaluminum oxy-compound (B). Further the metal- 
locene catalyst can be formed from the metallocene compound (A) and the compound (C) which reacts with the com- 
pound (A) to form an ion pair, or H can be formed from the metallocene compound (A), the organoaluminum oxy- 
compound (B) and the compound (C). In these embodiments, it is particularly preferred to use an organoaluminum 
compound (D) in combination. 

In the present invention, the metallocene compound (A) is used in an amount of usually about 0.00005 to 0 1 mrnol 
preferably about 0.000 1 to 0.05 mrnol, in terms of the transition metal atom, per 1 liter of polymerization volume 

The organoaluminum oxy-compound (B) is used in such an amount that the amount of the aluminum atom becomes 
usually about 1 to 10.000 mol. preferably 1 0 to 5.000 mol, per 1 mol of the transition metal atom 

The compound (C) which reacts with the metallocene compound (A) to form an ion pair is used in such an amount 
thattheamount of the boron atom becomes usually about 0.5 to 20 mol. preferably 1 to 10 md, perl mol of the transition 
metal atom. 

The organoaluminum compound (D) is used. H desired, in an amount of usually about 0 to 1 .000 mol preferably 
about 0 to 500 mol. per 1 mol of the aluminum atom in the organoaluminum oxy-conpound (B) or the boron atom in the 
compound (C) which forms an ion pair. 

When the ethylene (a), the a-olefin of 3 or more carbon atoms (b) and the nonconjugated polyene (c) are copoly- 
menzed using the above-mentioned metallocene catalyst, an ethylene-a-olefin-nonconjugated polyene random copol- 
ymer can be obtained with high polymerization activity. 

If the ethylene (a), the a-olefin of 3 or more carbon atoms (b) and the nonconjugated polyene (c) are copolymerized 
using a Group VB transition metal compound type catalyst such as a vanadium catalyst, it is impossible to obtain a 
random copolymer with high polymerization activity. Further, in the preparation of EPDM using the Group VB transition 
metal compound type catalyst, the types of polyenes employable as the nonconjugated polyene (c) are limited to nor- 
bornene nng-containmg polyenes such as ENB in many cases. On the other hand, when the Group IVB metallocene 
catalyst is used as in the present invention, the types of polyenes employable as the nonconjugated polyene (c) are not 
limited to the norbornene ring-containing polyenes, and the aforesaid various polyenes including chain nonconjugated 
polyenes such as MOD can be also polymerized. 

In the copolymerization of ethylene (a), the a-def in of 3 or more carbon atoms (b) and the nonconjugated polyene 
(c), the metallocene compound (A), the organoaluminum oxy-compound (B) and the compound (C) which forms an ion 
pair, and if desired, the organoaluminum compound (D), all of which constitute the metallocene compound may be 
separately fed to the polymerization reactor, or the metallocene catalyst containing the metallocene compound (A) 
which is preliminarily prepared, may be added to the polymerization reaction system. 

In the preparation of the metallocene catalyst hydrocarbon media which are inert to the catalyst corrponents can 
be employed. Examples of the inert hydrocarbon media include aliphatic hydrocarbons, such as propane butane pen- 
fane, hexane. heptane, octane decane. dodecane and kerosine; alicyclic hydrocarbons, such as cyclopentane, cydohex- 
ane and methylcyctopentane; aromatic hydrocarbons, such as benzene toluene and xylene; and halogenated 
hydrocarbons, such as ethylene chloride, chtorobenzene and dichloromethane. These hydrocarbons may be used in 
combination. 

The metallocene compound (A), the organoaluminum oxy-compound (B). the compound (C) which forms an ion 
pair and the organoaluminum compound (D) can be contacted with each other at a temperature of usually -100 to 200 
*C. preferably -70 to 100 *C. 

In the invention, copolymerization of the ethylene (a), the a-olefin of 3 a more carbon atoms (b) and the noncon- 
jugated polyene (c) can be carried out under the conditions of a temperature of usually 40 to 200 °C preferably 50 to 
150 »C. particularly preferably 60 to 120 »C. and a pressure of atmospheric pressure to 100 kg/cm 2 , preferably atmos- 
pheric pressure to 50 kg/can^, particularly preferably atmospheric pressure to 30 kg/cm 2 . 

Although the copolymerization reaction can be performed by various processes, preferred is a solution polymeriza- 
tion process. In the solution polymerization process, the aforesaid hydrocarbons are employable as the polymerization 
solvents. 

The copolymerization can be carried out either batchwise. semicontinuously or continuously, but it is preferably 
earned outcontmuously. The polymerization can be conducted in two more stages having different reaction conditions 

The above-described specific random copolymer is obtained by the present invention, and the molecular weight of 
trie random copolymer can be regulated by varying the polymerization conditions such as polymerization temperature 
or controlling the amount of hydrogen (molecular weight regulator). 

The reaction product immediately after the polymerization is recovered from the polymerization solution by a known 
separation or recovery method, and then dried to obtain a solid random copolymer 
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monl t ^ inVent,0n ' ^ ^^'^onconjuflated po.yene random copolymer may be graft modified wfth polar 

iZlrrl^^l 9roup ^° ma,nin 9 Gertie unsaturated compounds include: 
(nW^t^ 3-hydroxyprop, 



- N 



the cycloalkyl group may have a sutetrtuent. (preferably 6 to 8 carbon atoms). The alkyl group and 

^^S^ * ean * m Sroup-containing ethylenic unsaturated compounds include- 

ri^nT.SS?* 6, SUCh 88 N^^amine and N-acetylvinylamine; 
N-N^^nopC^rneT **** ^ethyiacrylamine. N.^ime.hy.acrylarrtne and 

aaytarrtde derivatives, such as acrylamide and N-methylacrylamide- 
aminostyrenes, such as p-aminostyrene; and 
6-aminohexytsuccinimide and 2-aminoethylsuccinimide 

Examples of such epoxy groi^containing ethylenic unsaturated compounds include 
glyadyl acrylate and glycidyl methacrylate 

mono- anddigiyddyl ^SI^^^^KS^^* ^ and «*« * crt ™»™ acid. 
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.The aromatic vinyl compound is represented by the following formula: 




wherein R 41 and R 42 are each independently hydrogen or an alkyt group of 1 to 3 cartoon atoms (e.g.. methyl, ethyl, 
propyl or iscpropyl), 

R 43 is a hydrocarbon group of 1 to 3 carbon atoms (e.g.. methyl, ethyl, propyl or isopropyl) or a halogen atom 
(e.g., chlorine, bromine or iodine), and 

n is an integer of usually 0 to 5, preferably 1 to 5. 
Examples of the aromatic vinyl compounds include styrene, a-methylstyrene, o-methytstyrene. p-methylstyrene. m- 
m ethyl styrene, p-chlorostyrene, m-chlorostyrene. p-chloromethylstyrene, 4-vinylpyridine. 2-vinylpyridine. 5-ethyl-2- 
vinytpyridine. 2-methyl-5-vinytpyridine. 2-isopropenyipyridine, 2-vinylquinoline. 3-vinylisoquinoline, N-vinylcarbazole and 
N-vinylpyrrolidone. 

Employable as the unsaturated carboxylic acids are unsaturated carboxylic acids, such as acrylic acid, methacryfic 
acid, maleic acid, fumaric acid, tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic acid, 
norbornenedicarboxylic acid and bicydo[2,2,1]hept-2-ene-5,6-dicarboxylic acid: and derivatives of these acids (e.g.! 
acid anhydrides, acid halides, amides, imides and esters). 

Particular examples of the derivatives include malenyl chloride, malenyiimide. maleic anhydride, itaconic anhydride, 
citraconic anhydride, tetrahydrophthalic anhydride. bicyclo[2.2,1]hept-2-ene-5.6-dicarboxylic anhydride, dimethyl 
maleate. monomethyl maleate. diethyl maleate, diethyl fumarate. dimethyl rtaconate. diethyl crtraconate. dimethyl tet- 
rahydrophthalate. dimethyl bicyclo[2,2,1]hept-2-ene-5.6-dicarboxylate. hydroxyethyl (meth)acrylate. hydroxypropyl 
(meth)acrylate. glycidyl (meth)acrylate. aminoethyl methacrylate and aminopropyl methacrylate. 

Of these, preferred are (meth)acrylic acid, maleic anhydride, hydroxyethyl (meth)acrylate, glycidyl methacrylate and 
aminopropyl methacrylate. 

Examples of the vinyl ester compounds include vinyl acetate, vinyl propionate, vinyl n-butyrate, vinyl isobutyrate. 
vinyl pivalate, vinyl caproate, vinyl versatate. vinyl laurate, vinyl stearate. vinyl benzoate, vinyl p-t-butytbenzoate. vinyl 
salicylate and vinyl cyclohexanecarboxylate. 

Preparation of modified ran dom copolymer 

The modified random copolymer is obtained by graft polymerizing the random copolymer with the polar monomer. 
In the graft polymerization of the random copolymer with the polar monomer, the polar monomer is used in an amount 
of usually 1 to 100 parts by weight, preferably 5 to 80 parts by weight, based on 100 parts by weight of the random 
copolymer. 

The graft polymerization is generally performed in the presence of a radical initiator. 
The radical initiator is, for example, organic peroxide or an azo compound. 

Examples of the organic peroxides include dicumyl peroxide, di-t-butyl peroxide. 2,5-dimethyl-2,5-bis(t-butylper- 
oxy)hexane. 2,5<fimethyl-2.5*is(t*utylperoxy)hexyne-3. 1.3-bis(t-butylperoxyisopropyl)benzene, 1.1-bis(t-butylper- 
oxy)valerate, benzoyl peroxide, t-butyl peroxybenzoate, acetyl peroxide, isobutyryl peroxide, octanoyl peroxide, decanoyl 
peroxide, lauroyl peroxide. 3,5,5-trimethylhexanoyi peroxide. 2,4-dichlorobenzoyt peroxide and m-toluyl peroxide. 

Examples of the azo compounds include azoisobutyronitrile and dimethytazoisobutyronrtrile. 

The radical initiator is desirably used in an amount of about 0.001 to 10 parts by weight based on 100 parts by 
weight of the random copolymer. 

The radical initiator can be used by mixing it with the random copolymer and the polar monomer, or can be used 
after dissolving it in a small amount of an organic solvent. As the organic solvent any organic solvents can be used 
without specific limitation as far as they can dissolve the radical initiator. For example, there can be used aromatic 
hydrocarbon solvents, such as benzene, toluene and xylene: aliphatic hydrocarbon solvents, such as pentane. hexane. 
heptane, octane, nonane and decane; alicydic hydrocarbon solvents, such as cyclohexane, methylcyclohexane and 
decahydronaphthalene; chlorinated hydrocarbon solvents, such as chlorobenzene, dichlorobenzene. trichlorobenzene, 
methylene chloride, chloroform, carbon tetrachloride and tetrachloroethylene: alcohol solvents, such as methanol, etrv 
anol, n-propanol, iso-propand. n-butanol, sec-butanol and tert-butanol; ketone solvents, such as acetone, methyl ethyl 
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Examples of the reinforcing agents include carbon black such as SRF, GPF FEF MAF HAF i<5af <saf ft kjtt 
^"^-eeted^s^^^ 

^^r^ES'S ^ " 9 I ^ CartX,nale ' he ** "»■» cartx.nate. talc and cla, 

a^ i^^^^rs seies rz *• inorsanic fn,er * ^ - - 

^lerin^njugat^ 

If the inoroanic ivSSf £T !l stren9th - ,6ar and abrasion resistance can be obtained 

*™J!S£SS: K£? hardness ran * rais * —* de, ^"° 
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Softening agent 

As the softening agents, those conventionally added to rubbers can be widely used, and examples thereof include: 
petroleum type softening agents, such as process oil, lubricant, paraffin, liquid paraffin, petroleum asphalt and 
f vaseline; 

coal tar type softening agents, such as coal tar and coal tar pitch; 

fatty oil type softening agents, such as castor oil. linseed oil, rapes eed oil and coconut oil; 

waxes, such as tall oil, factice, beeswax, carnauba wax and lanolin; 

fatty acids and fatty acid salts, such as ricinolic acid, palmitic acid, barium stearate, calcium stearate and zinc 
10 laurate; and 

synthetic polymer materials, such as petroleum resin, atactic polypropylene and cumarone-indene resin. 
Of these, preferred are petroleum type softening agents, and particularly preferred is process oil. 
The softening agent can be contained in the rubber composition of the invention in an amount of 10 to 200 parts by 
weight, preferably 10 to 150 parts by weight, particularly preferably 10 to 100 parts by weight based on 100 parts by 
75 weight of the ethylene-a-olefin-nonconjugated polyene random copolymer. 

Aging inhibitor 

The rubber composition of the invention preferably contains an aging inhibitor because the material life can be 
20 lengthened. 

Examples of the aging inhibitors include: 
aromatic secondary amine type stabilizers, such as phenytriaphthylamine, 4,4 , -(a,a-dimethytbenzy0diphe- 
nylamine and N.N'-di^-naphthyl-p-phenylenediamine; 

phenolic type stabilizers, such as 2,6-di-t-butyl-4-methyiphenol and tetrakis-[methylene-3-(3 , ,S•di-t-butyl■4 , . 
25 hydroxyphenyOpropionate]methane; 

thioether type stabilizers, such as bis{2-methyM-(3-n-alkytthicv^ 
benzomidazole type stabilizers, such as 2-mercaptobenzomidazole; 
drthiocarbamate type stabilizers, such as nickel dibutyldrthiocarbamate; and 
quinoline type stabilizers, such as polymer of 2.2,4-trimethyl-1 t 2-dihydroquinoline. 
30 These stabilizers may be used in combination of two or more kinds. 

The aging inhibitor can be used in an amount of not more than 5 parts by weight, preferably not more than 3 parts 
by weight, based on 1 00 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. 

Processing aid 

35 

As the processing aids, those conventionally added to rubbers can be widely used. Examples thereof include various 
acids, such as ricinolic acid, stearic acid, palmitic acid and lauric acid; salts of these higher fatty acids, such as barium 
stearate, zinc stearate and calcium stearate; and esters. 

The processing aid can be used in an amount of not more than 1 0 parts by weight, preferably not more than 5 parts 
40 by weight, based on 1 00 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. 

Vulcanizing aoent 

When the rubber composition of the invention is vulcanized by heating, compounds which constitute vulcanization 
45 system, such as a vulcanizing agent, a vulcanization accelerator and a vulcanization ad, are generally added to the 
rubber composition. 

Examples of the vulcanizing agents employable herein include sulfur, sulfur compounds and organic peroxides. 
There is no specific limitation on the type of suffur, and for example, powdery sulfur, precipitated sulfur, colloidal 
sulfur, surface-treated sulfur and insoluble surfur can be employed. 
so Examples of the sulfur compounds include surfur chloride, sulfur dichloride, high-molecular weight pdysuK ide, mor- 
pholine disulfide, alkytphenol disulfide, tetramethytthiuram disulfide and selenium dimethytdithiocarbamate. 
Examples of the organic peroxides include: 
alkyt peroxides, such asdicumyi peroxide, di-t-butyl peroxide. di-t-butylperoxy-3.3,5-trimethylcydohexana t-butyl- 
cumyl peroxide, di-t-amyl peroxide. 2,5-dimethyl-2.5-di(t-butylperoxy)hexyne«3. 2.5Kfimethyl-2.5-di(benzoylperoxy)hex- 
55 ane. 2.S<limethyl-2.5^i(t-bu1ytperc>xy)hexane, cua -bistt-butytperoxy-m-isopropyljbenzene and t-butyi hydroperoxide; 

peroxy esters, such as t-butyl peroxyacetate. t-butyl peroxyisobutyrate, t-butyi peroxypi valate. t-butytperoxymaleic 
acid, t-butyl peroxyneodecanoate, t-butyl peroxybenzoate, and di-t-butyl peroxyphthalate; and 
ketone peroxides, such as dicyclohexanone peroxide. 
These vulcanizing agents may be used in combination of two or more kinds. 



17 

BNSDOCIO <EP 0718324A2J_> 



10 



15 



EP 0 718 324 A2 

Vulcanization aealgatgr 

Examples of the vulcanization accelerators Include- 

mdaioline compounds, such as 2H™reaptoiMdaa>s™ (ath^anaNoureaV 
(->(N £j" »■>«« «* as tOiocaibaniltie. di.*,**™. di***,*™. «™**No<™. and 

xanthate compomds, such as zinc dibutylxanthate; and 
zinc white. 

35 VKcanization aid ^Doivfunrti^;,! munnmrr) 

rIE~™ S= 2= :f3SSSSSSS5=tt= 
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Examples of the vulcanization aids include 
sulfur; 



quinonedioxime compounds, such as p-quinonedioxime 

45 ^ amaecon Po^.suchasnvpheriyienebisn^ 
dnnnybenzene. 

» Fgaminqa flft nt 
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disuHqnylhydrazide; and azide compounds, such as calcium azide, 4,4-diphenyldisulfonyi azide and p-toluenesulfonyl 
azide. * 

Of these, preferred are nrtroso compounds, azo compounds and azide compounds. 

The foaming agent can be used in an amount of 0.5 to 30 parts by weight, preferably 1 to 20 parts by weight, based 
£ on 1 00 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. From the rubber composition 
containing the foaming agent in the above amount, foamed products having an apparent specific gravity of 0.03 to 0.8 
g/cm 3 can be obtained. 

A foaming aid can be used in combination with the foaming agent When the foaming aid is used in combination, 
various effects such as lowering of decomposition temperature of the foaming agent, acceleration of decomposition 
10 thereof and uniformity of the resulting foam can be exerted. Examples of the foaming aids include organic acids, such 
as salicylic acid, phthalic acid, stearic acid and oxalic acid, urea and its derivatives. 

The foaming aid can be used in an amount of 0.01 to 10 parts by weight preferably 0.1 to 5 parts by weight, based 
on 100 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. 

is Othgr rubber 

The rubber composition of the invention may be used by blending with other rubbers within limits no prejudicial to 
the objects of the invention. 

Examples of such rubbers include natural rubbers (NR); isoprene type rubbers, such as isoprene rubber (IR); and 
20 conjugated diene type rubbers, such as butadiene rubber (BR), styrene-butadiene rubber (SBR), acryionitrile-butadiene 
rubber (NBR) and chioroprene rubber (CR). 

Also employable are conventionally known ethylene-a-olef in copolymers, for example, ethylene-propylene random 
copolymer (EPR) and ethylene-a-olef in-nonconjugated polyene random copolymer except the aforementioned ethylene- 
a-olef in-nonconjugated polyene random copolymer such as EPDM. 
25 The vulcanizable rubber composition of the invention can be prepared from the ethytene-a-olefin-nonconjugated 
polyene random copolymer and the above-mentioned other components by conventional processes for preparing rubber 
blends. For example, the ethylene-a-olefin-nonconjugated polyene random copolymer and other components are 
kneaded at 80 to 1 70 °C for 3 to 1 0 minutes using internal mixers such as Banbury mixer, kneader and intermixes then 
the vulcanizing agent and the vulcanization accelerator or the vulcanisation aid are added if necessary, and the resulting 
30 mixture is kneaded using rolls (eg., open rolls) or a kneader at a roll temperature of 40 to 80 °C for 5 to 30 minutes, 
followed by rolling. Thus, a rubber composition (rubber blend) in the form of usually ribbon or sheet can be obtained. If 
the temperature in the kneading process using the interna) mixer is low, the vulcanizing agent, the vulcanization accel- 
erator and the foaming agent may be simultaneously kneaded. 

35 Vulcanized rubber 

A vuicanizate (vulcanized rubber) of the rubber composition of the invention can be obtained by a process generally 
comprising preforming the unvulcanized rubber composition into a desired shape using various means such as an extru- 
sion molding machine, a calender roll, a press, an injection molding machine and a transfer molding machine, and 
ao simultaneously or thereafter heating the resulting preform in a vulcanizing bath or irradiating it with electron rays so as 
to perform vulcanization. 

When the rubber composition is vulcanized by heating, the rubber composition is preferably heated ata temperature 
of 150 to 270 °C tor 1 to 30 minutes using a heating bath of hot air, glass bead fluidized bed, UHF (ultrahigh frequency 
electromagnetic wave), steam or LCM (molten salt bath). 
45 Among such copolymer rubber compositions of the invention as mentioned above, a copolymer rubber composition 
containing organic peroxide as a vulcanizing agent is preferably used as a hot-air crosslinking copolymer rubber com- 
position. 

The hot-air crosslinking copolymer rubber composition which contains the ethylene-a-olef in-nonoonjugated polyene 
random copolymer and the organic peroxide of specific amount based on the amount of the random copolymer can be 
so sufficiently crossl inked by hot air, whereby a crossi inked product having low surface tackiness and containing no extraor- 
dinary foam inside can be obtained. Further, from the hot-air crosslinking copolymer rubber composition, a hot-air 
crosslinked product also excellent in resistance to setting (permanent compression set) and heat aging resistance (heat 
resistance) can be obtained. 

The hot-air crosslinking rubber composition contains the organic peroxide in the above-mentioned amount based 
55 on the amount of the ethylene-a-olef in-nonconjugated polyene random copolymer. This composition may contain other 
components in addition to the organic peroxide, and the composition preferably contains a vulcanization aid (polyfunc- 
tional monomer). 

The vuicanizate (vulcanized rubber) of the hot-air crosslinking rubber composition can be generally obtained by a 
process comprising preforming the unvulcanized rubber blend described above by various methods such as methods 
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of using extrusion molding machine or calendar roll to give a preform of desired shape and simultaneously heating the 
preform or thereafter introducing the preform into a vulcanizing bath and heating it therein 

fluidSiS mm 1 ?/ VUlCani2ed ruW5er b ' end in *" vulcani2in9 9 me1hod * usi "9 h °» *• 9lass bead 

£E£^' , V^'<?™<* electromagnetic wave), steam or LCM (molten salt bath) can be employed, and 
the heating is preferably carried out at 120 to 270 "C for 1 to 30 minutes vuyeu.ana 

vulcanization of the rubber composition are generally carried out continuously 

When the rubber composition is vulcanized by irradiation with electron rays without using a vulcanizing agent the 

at an absorbed dose of 0.5 to 35 Mrad. preferably 0.5 to 1 0 Mrad 

vu JnS^Tl"? vu,cani2a 1 ! ioa 8 mo,d be used or may not be used. If a mold is not used, preforming and 
vulcanization of the rubber composition are generally carried out continuously 

™e rubber composition preformed and vulcanized as above (vulcanized rubber) can be used for automotive indus- 

T 35 weatt,erst * door S'ass run channel, window frame, radiator hose, brake parts^XrSade 

L^™" r0 " > b * ^ and h0Se: el «* ical "«WnB materids sTasZde^i 

a^^grommet; cml engmeenng and bulcting materials such as building gasket and civil engineering sheet; and rubberized 

«,„ ^^T!^ ! Mm f d .P 10 *"* ° blairM,d * ^'"'"S 1,16 rubber "end containing the foaming agent under heating 
can be used for heat insulating materials, cushioning materials, sealing materials, ete. 

EFFECT OF T HE INVENTION 

^l^^^^^"" 0 ^ 0 "^ 93 ^ PO ' yene rand ° m COp0lymer accordin 9 to the invention is excellent in process- 
ablrty and mechanical properties such as vulcanization strength as well as in weathering resistance and ozone resist- 

«d 3ncG. 

S *^ ene ^^^ polyene random copolymer excellent in processabillty and medhanical prop- 

SSL"? !f VUlCan,Za i ,0n Stren9th » "»** ^ ^obtainable by the conventional processes can be prepared 
^rtK)nally, the process for preparing an ethylene-a-olef in-nonconjugated polyene random copolymer aa^rding^o the 
mention ,s excellent in polymerization activity at hgh temperatures, and hence an ethylene-a-olefin^nconjugated 
polyene random copolymer can be efficiently prepared. * 8 

Rom the rubber composition of the invention, vulcanized rubber molded products or vulcanized rubber foamed 
products excellent particularly in those properties can be produced. 

EXAMPLE 

that IIl 6 ^" 1 lnV6nti0n Wi " be fUrther described wrth Terence to the following exarrples, but it should be construed 
that the invention is in no way limited to those exarrples. 

In the examples, the following metallocene compounds were used. 
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Zirconium compound A 

rac-Dimethylalylene*is{H2-me^^ dchloride 




20 




Example 1 

Pre-corttact of zirconium compoun d with methyialuminoxane and preparation of catalyst solution 

so The zirconium compound A of a predetermined amount and a toluene solution of methyialuminoxane (1.2 
mg • atom/ml in terms of aluminum atom) were mixed by stirring at room temperature for 30 minutes in a dark place to 
prepare a toluene solution containing the zirconium compound A and methyialuminoxane. The Zr concentration in the 
toluene solution was 0.002 mmol/ml, and the methyialuminoxane concentration in the solution was 1 .2 mg • atom/ml in 
terms of aluminum atom 

55 To the toluene solution was then added hexane in an amount of five times in volume as much as the toluene with 
stirring to prepare a catalyst solution having the following Zr concentration and methyialuminoxane concentration. The 
catalyst solution was used as a catalyst for the subsequent polymerization reaction. 
Zr concentration: 0.00033 mmol/ml (i.e.. 0.33 mmoi/l) 

Methyialuminoxane concentration (in terms of Al atom): 0.20 mmol/ml (i.e.. 200 mmd/l) 
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Polymerization 

~. I" a ^'! t f / teinl !f 51661 po, y meri2a,ion reactor equipped with a stirrer, copolymerization of ethylene, propylene 
and 7-methyl-1.6-octadiene was continuously carried out in the following manner 

First to thepotymerization reactor were continuously fed, through the top of the reactor, dehydrated and purified 
hexane at a feed rate of 3. 7 l/hr the mixed solution of the zirconium compound A and methylaluminoxane obtained 
above at a feed rate of 0.03 l/hr. a hexane solution of triisobutylaluminum (concentration : 1 7 mmol/l) at a feed rate of 0 3 
l/hr and a hexane solution of 7-me1hyl-1 .6-octadiene (abbreviated to "MOD") (concentration: 0.1 5 tl\ at a feed rate of A.5 

♦ S 6 ^^ 66 ^"* 6 ^ 

at a feed rate of 200 Wir. The copolymerization reaction was carried out at 60 «C in such a manner that the average 
residence time became one hour (i.e.. scale of polymerization: 5 liters). 

Then, to the polymerization solution drawn out through the bottom of the reactor was added a small amount of 
methanol so as to terminate the polymerization reaction. The polymerization solution was subjected to a steam stripping 
treatment to separate a copolymer produced from the solvent, and the copolymer was dried at 100 -C for 24 hours under 
reduced pressure (100 mmHg). 

^ Thus, an ethylene^ropylene-^methyM ,6-octadiene random copolymer was obtained in an amount of 330 g per 

? ^J 50 ^'*™* obtained, the molar ratio of units derived from ethylene to units derived from propylene was 70/30 
S i 6 „ , ^^t ene) • ?c i? in t. Va,Ue W3S 22 fe- iodin e>1°0 g-polymer). and the intrinsic viscosity ( n ) as measured in 
decahn at 135 «C was 2.6dl/g. The glass transition temperature of the copolymer was -61 'C. and the gn' and g' values 
thereof were 0.63 and 0.70. respectively. 

Ill 'determine , the g' value. Waters ALC/GPC 150C was used as QPC. and GMH-HT and GMH-HTL (both manufac- 
tured by Toso K.K.) were used columns. 
£5 The results are set forth in Table 1 . 

Examples I> - 7 

«. 1 nvilf!!?l e r a " Olef i n " n0nCOnjL,9ated f 0 **™ random «>POlymer was obtained in the same manner as in Example 

l^PJS ^^™ enza,l0n r63Cti0n W3S carried out under lhe Polymerization conditions shown in Table 1 in 
place of the conditions of Example 1 . 
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. (foyTparative Example 1 

In a 2-liter polymerization reactor equipped with a stirrer, copolymerization of ethylene, propylene and ethylidenenor- 
bornene (ENB) was continuously carried out in the following manner. 

To the polymerization reactor were continuously fed, through the top of the reactor, a hexane solution of ENB (con- 
centration: 36 g/I) at a feed rate of 0.5 l/hr, a hexane solution of VO(OC2H 5 )CI 2 (concentration: 8 mmol/1) as a catalyst 
at a feed rate of 0.5 l/hr. a hexane solution of ethylaluminum sesquichloride [AI(C 2 H 5 ) 1 sCI, 5] (concentration: 64 mmol/l) 
at a feed rate of 0.5 l/hr and hexane at a feed rate of 0.5 l/hr, while the polymerization solution was continuously drawn 
out through the bottom of the reactor so that the amount of the polymerization solution in the reactor was kept to be 1 liter. 

Further, to the reactor were fed ethylene at a feed rate of 1 30 l/hr. propylene at a feed rate of 1 70 l/hr and hydrogen 
at a feed rate of 40 l/hr using a bubble tube. 

The copolymerization reaction was carried out by circulating a cooling medium through a jacket provided outside 
of the reactor, with maintaining the temperature at 20 °C. 

The copolymerization reaction was carried out under the reaction conditions as described above to obtain a polym- 
erization solution containing an ethylene-propylene ethylidenenorbornene copolymer. 

Then, the polymerization solution obtained was deashed using hydrochloric acid, and a large amount of methanol 
was added to precipitate a polymer, followed by vacuum drying at 100 °C for 24 hours. 

Thus, an ethylene-propylene-ethylidenenorbornene copolymer (rubber) was obtained in an amount of 53 g per hour. 

In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 72/28 
(ethylenafcropylene), the iodine value was 21 (g-iodine/100 g-polymer), and the intrinsic viscosity (ti) as measured in 
decalin at 135 °C was 2.1 dl/g. The gtT and g' values of the copolymer were 0.98 and 0.99. respectively 

It was confirmed that when the vanadium catalyst was used as above, the grj* and g* values became near to 1 . so 
that no long-chain branch was formed. The results are set forth in Table 2. 

Example g 
Pplvmerizatipn 

In a 15-lrter stainless steel polymerization reactor equipped with a stirrer, copolymerization of ethylene, propylene 
and 5-ethylidene-2-norbornene (also referred to "ENB") was continuously carried out in the following manner. 

First to the polymerization reactor were continuously fed. through the top of the reactor, dehydrated and purified 
hexane at a feed rate of 3.1 7 l/hr, the mixed solution of the zirconium compound A and methytaluminaxane obtained in 
Example 1 at a feed rate of 0.03 l/hr, a hexane solution of triisobutylaluminum (concentration: 17 mmol/l) at a feed rate 
of 0.3 l/hr and a hexane solution of ENB (concentration: 0.015 mmol/l) at a feed rate of 1 .5 l/hr. 

Further, to the reactor were continuously fed. through the top thereof, ethylene at a feed rate of 200 l/hr and propylene 
at a feed rate of 200 l/hr. The copolymerization reaction was carried out at 60 °C in such a manner that the average 
residence time became one hour (i.e.. scale of polymerization: 5 liters). 

Then, to the polymerization solution drawn out through the bottom of the reactor was added a small amount of 
methanol so as to terminate the polymerization reaction. The polymerization solution was subjected to a steam stripping 
treatment to separate a copolymer from the solvent, and the copolymer was dried at 100 °C for 24 hours under reduced 
pressure (100 rnmHg). 

Thus, an ethylene-propylene-ENB random copolymer was obtained in an amount of 70 g per hour. 

In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 70/30 
(ethylenafaropylene). the iodine value was 22 (g-iodine/100 g-polymer), and the intrinsic viscosity (t]) as measured in 
decalin at 135 °C was 2.3 dl/g. The gr\* and g' values of the copolymer were 0.65 and 0.70, respectively. 

The results are set forth in Table 2. 

Examples 9 -11 

An ethylene-a-olefin-polyene random copolymer was obtained in the same manner as in Example 8 except that the 
copolymerization reaction was carried out under the polymerization conditions shown in Table 2 in place of the conditions 
of Example 8. 
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Ex 8 


Ex. 9 


Ex. 10 


Ex. 11 


Comp. Ex. 1 


oc-Olefin 


Propylene 


Propylene 


1 -Butane 


1 -Butene 


Propylene 


Diene 


ENB 


ENB 


ENB 


ENB 


ENB 


Ethylene/ a-Olef in (molar ratio) 


70/30 


63/37 


78/22 


72/28 


72/28 


Iodine value 


22 


25 


21 


22 


21 




2.3 


2.7 


2.9 


2.5 


2.1 


on* 


0.65 


0.57 


0.68 


0.62 


0.98 


g' 


0.70 


0.61 


0.72 


0.67 


0.99 


tNB: 5-Ethylidene-2-norbornene 
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(1) Properties of unvulcanized rubber 

The properties of the unvulcanized rubber 

(2) Tensile test 



were measured in accordance with JIS-K-6300. 



30 



as (3) Measurement of specific gravity 

the s^T^t^ISS^: ^" 9e ^ 8 of 20 mm x 20 mm was punched, and 

(4) Permanent compression set test 

1/2 of the hei g WbXrS.7cZTa^ d SZZT^^^ 65 ^^ 
for 200 hours. After the spedm^was" 2Sed to sSLT^l £ WaS heaMreated in an oven at 70 -C 



45 



50 



55 



Permanent compression set (%) 



to 

t 2 



t 0 



x100 



Height of specimen before test 

Height of specimen after heat treatment and cooling for 30 minutes 
Height of specimen in the state where specimen is fixed to measuring mold 

(5) Measurement of shape retention 
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Shape retention ratio (%) = ~ x 100 



L: Height of tubular sponge rubber 
5 D : Width of tubular sponge rubber 

(6) Measurement of surface roughness 

The surface roughness of the sponge rubber was evaluated by expressing the protrusions and depressions on the 
io upper surface of the sponge ni>ber by numerals using a feeler type surface roughness measuring device. In detail, the 
tubular sponge nitoer was cut to give a specimen having a length of 50 mm. From the total (h,) of the heights of ten 
protrusions of from the highest protrusion to the tenth protrusion from the highest one, the total (h 2 ) of the heights of ten 
depressions of from the deepest depression to the tenth depression from the deepest one was subtracted. The obtained 
valued -r^) was divided by 1 0, and the value finally obtained was taken as the surface roughness of the sponge rubber. 

Example 12 

The ethylene-a-olefin-nonconjugated polyene random copolymer prepared in Example 8 and other components 
were blended in the amounts shown in Table 3 to prepare a rubber Wend (rubber composition). 

20 That is, the ethylene-a-olefin-nonconjugated polyene random copolymer, parafTinic oil. carbon black, stearic acid, 
dimethyldistearylammonium chloride and activated zinc white were kneaded in a 1 .7-liter Banbury mixer (manufactured 
by Kobe Seikosho K.K.) for 10 minutes. To the kneadate were further added a vulcanizing agent and other additives 
and they were kneaded in a 1 4-inch open roll (F/B = 50/50 °C) to obtain a nifcer blend. 

The riiber blend was then extruded using a 50 mm extruder equipped with a tubular die (inner diameter: 10 mm. 

25 thickness: 1 mm) under the conditions of a die temperature of 80 °C and a cylinder temperature of 60 °C. to produce a 
tubular molded product. The molded product was vulcanized at 220 °C for 6 minutes in an air oven to obtain a sponoe 
rubber. The results are set forth in Table 4. 

Example? 13 -1§ 

30 

A rubber blend (nAber composition) was prepared in the same manner as in Example 12 except that the ethylene- 
aolef m-nonconjugated polyene random copolymer was replaced with the ethyiene-a-def in-nonconjugated polyene ran- 
dom copolymer prepared in each of Examples 9 to 1 1. Using the rubber Wend, a sponge rubber was obtained in the 
same manner as in Example 12. The results are set forth in Table 4. 

35 

Comparative Examnle 2 

A rubber blend (ntoer composition) was prepared in the same manner as in Example 12 except that the ethylene- 
a-olefin-nonconjugated polyene random copolymer was replaced with the ethylene-a-olefin-polyene copolymer pre- 
40 pared in Comparative Examples 1 . Using the rubber blend, a sponge rubber was obtained in the same manner as in 
Example 12. The results are set forth in Table 4. 
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Copolymer 
Softening agent 
Inorganic filler 

Processing aid vulcanizing agent 



Vulcanization accelerator 



Foaming agent 



Table 3 

Component 
Ethylene-a-olefin-polyene random copolymer 
Paraffinic oil (Sunflex 2280 of Nippon Sun Petroleum K.K. 
SRF-HS cartx>n black (Asahi 50HG of Asahi Carbon K.K. 
Calcium oxide 
Stearic acid 

Dimethyldistearylammonium chloride 
Sulfur 

Activated zinc white 
2-Mercaptobenzothiazole 

2-(4'-Morpholinodithio)benzothiazole 
Zinc dibutyidrthiocarbamate 
Ethylene thiourea 

P.P'-Oxybis(benzenesuffonyl hycfrazide) 



Part(s) by weight 
100 
70 
90 
5 
2 
2 

1.5 
5 

0.8 
1.2 
2 
1 

3.5 



Table 4 





Ex. 12 


Ex. 13 


Ex. 14 


Ex 15 


Comp. Ex. 2 


T B (kg/cm 2 ) 


23 


25 


26 


22 


21 


Eb(%) 


250 


270 


260 


280 


240 


Specific gravity (g/cm 3 ) 


0.48 


0.52 


0.54 


0.49 


0.44 


Permanent compression set (%) 


32 


30 


33 


29 


34 


Shape retention (%) 


83 


85 


86 


81 


63 


Surface roughness 


9 


7 


8 


9 


14 



Claims 



to^a*oo double bond Zl "T^T?"" 0 wene ««"■>*» » «» mota*. one carbon- 

the following properties: 00606 ■ mon 0 caibon-tcKSHbon double bonds, and has 

HO the iodine value is in the range of 1 to 50 

of a linear ethylene-propylene copoZa h^ tte^CL ? 10 1,16 intrinSic 

scattering method) a£E.!h£E^^ (measured t^S 

content of 70 % by mo,. M nhait( , is in the r^X^l ^ "« ^ *" 
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2. An ethyJene-a-olefin-nonconjugated polyene random copolymer which is a random copolymer of (a) ethylene, (b) 
an ct-olefrrVof 3 or more carbon atoms and (c) a nonconjugated polyene containing, in one molecule, one carbon- 
to-carbon double bond polymerizable by a metallocene catalyst among carbon-to-carbon double bonds, and has 
the following properties: 

(i) said copolymer contains units derived from ethylene (a) and units derived from the a-olefin of 3 or more 
carbon atoms (b) in a molar ratio of 40/60 to 95/5 [(a)/(b)], 
fii) the iodine value is in the range of 1 to 50. 

(Hi) the intrinsic viscosity (ti), as measured in decalin at 135 °C, is in the range of 0.1 to 8.0 dl/g, and 
(iv) the ratio g* of the intrinsic viscosity (r\) of said random copolymer defined above to the intrinsic viscosity 
(Tibial* 1 calculated as a linear ethylene-propylene copolymer having an ethylene content of 70 % by mol which 
is determined by measurement of gel permeation chromatography (GPC) of ethyl ene-a-olef in-nonconjugated 
polyene random copolymer in orthodichlorobenzen at 140 °C, (^/(Ttfaar*', is in the range of 0.2 to 0.9. 

3. A process for preparing an ethylene-a-olefin-nonconjugated polyene random copolymer, in which the ethylene-a- 
olef in-nonconjugated polyene random copolymer as claimed in claim 1 or 2 is prepared using a metallocene catalyst 
containing a metallocene compound represented by the following formula (I): 




wherein M is a transition metal of Group IVB of the periodic table. 
R 1 is a hydrocarbon group of 1 to 6 carbon atoms, 

R 2 , R 4 . R 5 and R 6 may be the same as or different from each other, and are each hydrogen, a halogen atom 
. or a hydrocarbon group of 1 to 6 carbon atoms. 

R 3 is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyi group. 

X 1 and X 2 may be the same as or different from each other, and are each hydrogen, a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen- 
containing group or a sulfur-containing group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-con- 
taining group. -O-, -CO-. -S-, -SO-, -SO r . -NR 7 -, -P(R 7 h -P(0)(R 7 )-. -BR 7 - or -AIR 7 - (R 7 is hydrogen, a halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

4. A vulcanizable rubber composition containing the ethylene-a-olef in-nonconjugated polyene random copolymer as 
claimed in claim 1 or 2. 

5. "The vulcanizable rubber composition as claimed in claim 4. containing a reinforcing agent and/or an inorganic filler 
in an amount of 10 to 200 parts by weight based on 100 parts by weight of the ethylene-a-olef in-nonconjugated 
polyene random copolymer. 

6. The vulcanizable rubber composition as claimed in claim 4. containing a softening agent in an amount of 1 0 to 200 
parts by weight based on 100 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. 

7. A vulcanized rubber obtained from the vulcanizable rubber composition as claimed in any one of claims 4 to 6. 
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(57) Disclosed is an ethylene-a-olefin-nonconju- 
gated polyene random copolymer which is a random 
copolymer of (a) ethylene, (2) an a-olefin of 3 or more 
carbon atoms and (c) a nonconjugated polyene contain- 
ing, in one molecule, one carbon-to-carbon double bond 
polymertzabie by a metallocene catalyst among carbon- 
to-carbon double bonds, and has such properties that (i) 
the copolymer contains (a) units derived from ethylene 
and (b) units derived from the a-olefin of 3 or more car- 
bon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)), (ii) 
the iodine value is in the range of 1 to 50, (i'O the intrin- 
sic viscosity ft), as measured in decalin at 135 °C. is in 
the range of 0. 1 to 8.0 dl/g. and Qv) the ratio grT of the 
intrinsic viscosity (r\) of the copolymer defined above to 
the intrinsic viscosity (Ti)biai* of a linear ethylene-propyl- 
ene copolymer having the same weight-average molec- 
ular weight (measured by light scattering method) as 
the ethylene-a-olefin-nonconjugated polyene random 
copolymer and having an ethylene content of 70 % by 
mol. fayfoJbianK, is in the range of 0.2 to 0.9 or the ratio 
g' of the intrinsic viscosity (n) of said random copolymer 
defined above to the intrinsic viscosity (nk^ of a lin- 
ear ethylene-propylene copolymer having and ethylene 
content of 70 % by mol which is determined by meas- 
urement of gel permeation chromatography (GPC) of 



ethylene-a-olefin-nonconjugated polyene 
copolymer in orthodichlorobenzene at 140 °C. 
(n)/(n)aar**. « in the reange of 0.2 to 0.9. Also disclosed 
are a process for preparing the random copolymer and 
a vulcanizable rubber composition containing the ran- 
dom copolymer. The ethylene-a-olefin-nonconjugated 
polyene random copolymer and the rubber composition 
are excellent in weathering resistance, ozone resist- 
ance, mechanical strength and processability. 
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